were placed in the chamber. Rats, rabbits, and guinea pigs were housed in group cages, while pigs were free to move about on the floor of the chamber.
The duration of the exposure for each species was between 42 and 48 days (see Table 1 temperature, and space for all animals were similar at both locations.
Heart catheterization was performed at nonspecific times on the control animals at 1,600 m and on the altitude-exposed animals at 4,500 m during the last day of exposure. Rats, rabbits, and guinea pigs were weighed and anesthetized with sodium pentobarbital (30 mg/kg ip). The right and arterial blood samples were obtained for blood gas analysis.
Pigs were weighed and placed upright in a canvas sling. Under local anesthesia a polyethylene catheter (PE-90) was introduced percutaneously into the cranial vena cava and passed into the right ventricle and pulmonary artery. The saphenous artery was exposed under local anesthesia and an arterial blood sample was withdrawn for blood gas analysis after pressure measurements.
Sheep and calves were placed standing in a stanchion and catheterized under local anesthesia. An external jugular vein was entered percutaneously and a polyethylene catheter (PE-160) was manipulated into the right ventricle and pulmonary artery. Systemic arterial blood pressures and blood samples were obtained through an 18-gauge needle introduced percutaneously into the brachiocephalic artery. After completion of pressure and blood gas measurements, the animals were killed with intravenous sodium pentobarbital.
The trachea was intubated and 3.4 % gluteraldehyde was infused into the lungs at a pressure of 20 cmHn0 for 30 min. The chest was then opened, the heart and lungs removed, and blocks of lung tissue were placed in 3.4 % gluteraldehyde.
This fixation process provided a uniform degree of pulmonary expansion for quantitative study of the lung parenchyma and vasculature. The lung tissue blocks were processed by routine para& techniques, sectioned at 5 pm, and stained by the Verhoeff-van
Gieson method. Measurements of medial thickness (expressed as percent of external diameter) of 20 small muscular pulmonary arteries and arterioles, external diameter 30-100 pm (6, 18), were obtained for each animal. The external diameter was taken as the mean of two measurements at right angles to each other, and medial thickness was estimated as the mean of four measurements for each vessel. Medial thickness has been used reliably for estimating the amount of vascular smooth muscle in a number of species ( 1, 6, 12, 35) . Only vessels adjacent to bronchioles and alveolar ducts were measured.
The hearts were dissected and cleaned to remove the great vessels, atria, valves, epicardial fat, and blood. The free wall of the right ventricle was then separated from the left ventricle in order to determine right ventricular and left ventricular plus septal weights (15).
RESULTS
At simulated high altitude the magnitude and rate of development of pulmonary hypertension were greatest in the calves and pigs, with increases in right ventricular systolic pressures of 153 % and 149 %, respectively (Table  1  and Fig. 1 ). Rats and rabbits also developed significant pulmonary hypertension at altitude, as indicated by increases in right ventricular systolic pressures of 54 4C and 35 ci,. Sheep, guinea pigs, and dogs showed no significant pressure elevations at high altitude.
Systemic arterial pressure was not changed consistently by altitude exposure in any of the species (Table 1) .
Right ventricular hypertrophy was observed in all species at high altitude, with the exception of the dog (Table  1) . The magnitude and rate of development of right ventricular hypertrophy were greatest in calves and pigs, with increases in the ratio of right ventricular to left ventricular plus septal weights (RV/(LV + S)) of 90 ' ; and 58 %, respectively (Fig. 2) . Rats, rabbits, sheep, and guinea pigs had smaller, but significant (P < O-OS), increases in RV/ (LV + S) of 29 %, 41 'j/c, 22 %, and 30 'ii, respectively. Left ventricular hypertrophy (determined as an increase in left ventricular plus septal weight to body weight ratio) was not observed in any of the species studied.
In control animals, the medial smooth muscle of small pulmonary arteries and arterioles (diam 30-100 pm) was of greatest thickness in calves and pigs and of least thickness in dogs (Table  1) . At high altitude, increased medial thickness was observed only in calves and pigs, with increases of 74 % and 93 %, respectively (Fig. 3 , Table  1 ). The other species exhibited no measurable changes in medial thickness after the altitude exposure.
High-altitude-exposed animals tended to be polycythemic, hypoxemic, hypocapnic, but not alkalotic compared to their low altitude controls (Table 2) . Increments in hematocrit were greatest in rats, rabbits, and guinea pigs and least in calves and dogs. However, the seven species exhibited similar arterial oxygen tensions and carbon dioxide tensions at high altitude.
A significant change in heart rate was seen only in guinea pigs, with a decrease from the control rate of 308 to 251 beats/min at high altitude.
In the other species, heart rates at 4,500 m were not significantly different from those at low altitude, although sheep did exhibit a bradycardia (111 beats/min at 4,500 m compared to 15 I beats/min at 1,600 m>.
The lower body weights of dogs at high altitude were the result of their small size prior to the altitude exposure and not due to weight loss. However, low body weights of the high-altitude rats, rabbits, and guinea pigs did result from the anorexic effects of altitude exposure (Table 2) .
DISCUSSION
The seven species examined in this study can be arranged in the following order of decreasing pulmonary vascular reactivity to high altitude: calf, pig, rat, rabbit, sheep, guinea pig, and dog, Previous studies have shown calves and pigs to be hyperresponders (3, 4, 10, 17), rabbits to be moderate responders (7, 23)) and sheep to be hyporesponders (22) to high-altitude exposure. Few right heart pressure Dogs in the present study were the least reactive species. This observation is in agreement with the lack of right ventricular hypertrophy and lack of medial thickening observed in other dogs exposed at high altitude (7, 33).
In previous studies of cattle and sheep exposed at an altitude of 3,870 m, arterial carbon dioxide tensions were not reduced, suggesting that relative hypoventilation had occurred (10, 22) . In the present study at 4,500 m, both calves and sheep hyperventilated, exhibiting significant i-eductions in arterial carbon dioxide tensions. Perhaps ventilation is not stimulated in these two species until they are exposed at altitudes much higher than those necessary to stimulate ventilation in other species. The present study souP;ht clues to account for the varic 3. Interspecies comparison of medial thickness of small pulmonary arteries i n control animals at 1,600 m and altitude-exposed animals at 4,500 m. Only calves and pigs exhibited medial thickening.
* Difference between altitude and control medial thickness is significant at P < 0.05. A major determinant of vascular reactivity may be the amount of smooth muscle in small pulmonary arteries and arterioles.
In bovine (2, 6) and porcine (6) lungs, pulmonary arteries are more muscular than in most other species, and thus increased muscularity may account for the rapid development of pulmonary hypertension in these species. In the present study, control calves and pigs exhibited the greatest medial thickness of sm,all pulmonary arteries and also exhibited medial thickening in response to altitude exposure.
Such medial thickening has been demonstrated previously in cattle at high altitude (2, 9, 18). In the dog, which has little pulmonary vascular smooth muscle, medial thickening at high altitude has not been observed (33). Since the control studies were conducted at 1,600 m, it is possible that the hypoxic stimulus at this altitude may have already resulted in the differences between the hyper-and hyporesponders.
However, measurements of medial thickness obtained from cattle and pigs at sea level (6, 34) indicate relative medial thickening in these species, suggesting inherent species differences in medial thickness.
These observations of medial thickening at high altitude suggested that animals with more vascular smooth muscle would respond more vigorously to chronic hypoxic exposure. This contention was confirmed when we found significant positive correlations between control medial thickness and the degree of pulmonary hypertension (r = 0.88) and right ventricular hypertrophy (r = 0.97) for the seven species (Fig. 4) 
